Searching PAJ 



1/2 s<—i> 



PATENT ABSTRACTS OF JAPAN 



(11 publication number : 2000-1 56620 

(43)Date of publication of application : 06.06.2000 



(51)Int.CI. 




H03H 3/10 
H03H 3/08 




(21 Application number : 


10-329423 


(71)Applicant 


: JAPAN RADIO CO LTD 


(22)Date of filing : 


1911.1998 


. (72)Inventor : 


UJIMA HIROAKI 








YATSUDA HIROMl 



(54) CENTER FREQUENCY ADJUSTMENT METHOD FOR SURFACE ACOUSTIC WAVE 
DEVICE AND PRODUCTION OF THE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To easily adjust the center 
frequency of an SAW(surface acoustic wave) filter by 
measuring the input/output characteristic including the 
frequency characteristic of an SAW device and repeating 
both etching and oxide forming steps until the desired 
input/output characteristic is obtained. 
SOLUTION: A piezoelectric substrate 50 is placed in a 
chamber 52 having a terminal 70 which can measure the 
input/output characteristic including the frequency 
characteristic of an SAW device. In an etching step, the 
surface of an interdigital electrode constructing the SAW 
device is shaped by a method such as the dry etching. In 

an oxide forming step, an oxide is formed on the surface ***** : :Q:"" : 
of the interdigital electrode. In a repeating step, the £~ 
input/output characteristic including the frequency 
characteristic of the SAW device is measured via the 
terminal 70. Then both etching and oxide forming steps 
are repeated until the desired input/output 
characteristic is obtained. 
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[JP,2000- 156620, A] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l] How to adjust the center frequency of the aforementioned elastic surface device in case the 
surface acoustic wave device which is characterized by providing the following and which was formed on 
the piezo electric substrate is manufactured The arrangement step which arranges the aforementioned 
piezo electric substrate in the chamber which has a measurable terminal for the input-output behavioral 
characteristics containing the frequency characteristic of the surface acoustic wave device concerned The 
etching step which deletes the front face of the intersection finger-like electrode which constitutes the 
aforementioned surface acoustic wave device using methods, such as dry etching The oxide formation step 
which forms an oxide in the front face of the aforementioned intersection finger-like electrode The repeat 
step which repeats and performs the aforementioned etching step and the aforementioned oxide 
formation step until it measures the input-output behavioral characteristics which contain the frequency 
characteristic of the aforementioned elastic surface device through the aforementioned terminal and a 
desired property is acquired 

[Claim 2] The manufacture method of the surface acoustic wave device using the method of a claim 1. 
[Claim 3] The surface acoustic wave device manufactured using the method of a claim 1. 
[Claim 4] The communication device using the surface acoustic wave device manufactured using the 
method of a claim 1. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a SAW (surface acoustic wave) 
device. It is related with the method of adjusting the center frequency of the SAW device into a 
manufacturing process especially. 
[0002] 

[Description of the Prior Art] The SAW device is widely used as a frequency filter. 
Inventioninthisapplication persons are developing the filter using the crystal base which 
narrowbandized the resonance frequency more. 

[0003] This RF narrow band filter currently developed is a high-Q -resonator filter using STW on a crystal 
substrate (Surface Transverse Wave), and the acoustic velocity of the surface acoustic wave is about 5100 
m/s, and is suitable for high speed and RF-ization compared with the conventional device. The load Q 
value of this device currently developed is about about 1500. Moreover, since the crystal substrate is used 
for this STW device, it presents the frequency temperature characteristic of about 1-4 ppm/degree C to 
the frequency temperature dependence property of 18 ppm/degree C of the conventional SAW device. 
Consequently, as for the developed STW device, a frequency drift serves as an about 100 ppm (0.08MHz) 
grade to a lOO degree C temperature requirement. 

[0004] Since it has high Q value, this developed STW device is set to about 0.5MHz to the pass band width 
having been about 2.4MHz conventionally for example, with a , 800MHz band filter. That is, 
super narrow band ization is attained to the conventional SAW device. In addition, the fractional band 
width of the developed STW device is 0.07%. Moreover, similarly the out-ofband magnitude of 
attenuation is set to 35dB by **2MHz of center frequency to the conventional device having been 20dB in 
**2MHz of center frequency, and the extensive improvement is realized. Moreover, the application to VCO 
etc. is also possible for this developed STW device as a high Q resonator. 

[0005] Since the acoustic velocity of a surface acoustic wave is quick, in the developed STW device, a 
1GHz signal is treated and it is about 1.3 micrometers in electrode line breadth. Therefore, under the 
present electrode processing technology, manufacture of the filter which can treat even about 12GHz as 
signal frequency is possible. 

[0006] However, in this STW device that invention in this application persons have developed, 
completion size variations, such as electrode digital-furrow width of face and electrode thickness, became 
a problem for high Q value and narrow pass band width. Change of the center of filter frequency 
especially by electrode layer thick variation brought a result to which the manufacture yield is reduced 
greatly. , 

[0007] The sensitivity of the center frequency by the electrode thickness of this STW device is 0.2MHz / 
about 10A. Moreover, aluminum (aluminum) vacuum evaporationo equipment manufacture precision is 
30A - about 60A. Consequently, about a maximum of 1.2MHz of center frequency may be changed. At the 
conventional SAW filter, although some change of such center frequency is grades which influence the 
yield, with the crystal STW filter developed newly, a passband also has a possibility of completely 
becoming a different thing, as a result of change of center frequency. Therefore, the situation where one 
piece does not exist [ the filter with which the target frequency characteristic is obtained ] in 1 wafer (or 
inside of 1 batch), either is also fully assumed. 

[0008] Therefore, invention in this application persons needed to investigate change of the center 
frequency by the marginal process tolerance of the vacuum evaporationo equipment which was not made 
an issue of until now, and the film production variation state (electrode thickness, electrode digital-furrow 
width of face) about the newly developed STW device, and needed to establish the technology of adjusting 
the center frequency. 

[0009] Explanatory drawing showing the SAW filter manufacture method of the conventional FDB 
method is shown in FDB manufacture method drawing 5 . A FDB method is the manufacture method of 



connecting with a SAW chip I/O pad the pattern formed in the interior of the package 12 which contains 
the SAW chip 10 through the facing-each-other golden bump 14, and performing electric connection and 
mechanical maintenance simultaneously. 

[0010] This manufacture method has a stable package internal state in order not to use adhesives etc., 
and it is suitable for manufacture of the various narrowband SAW filters containing the 
above-mentioned crystal STW filter. Moreover, since a SAW device can be miniaturized, it is mostly used 
for a mass-production form. 

[0011] The present manufacture method and the manufacturing process of the adjustment method SAW 
filter of center frequency can roughly be divided into the wafer process of the first half, and the assembly 
process of the second half. The flow chart showing this manufacturing process is shown in drawing 6 '. 
[0012] In the wafer process 20, an electrode pattern, pad pattern formation, other substrate surface 
treatment, etc. are performed on a piezo electric substrate. A resist application is performed in step S61, 
and exposure and development are performed in step S6 2 and step S63. Moreover, aluminum vacuum 
evaporationo is performed in step S64. Furthermore, lift off work is done in step S6 5. These processings 
of each are performed for every pattern. 

[0013] Since the vacuum evaporationo thickness of an electrode pattern influences the frequency 
characteristic of a filter directly, control of thickness is important. The technology formed with thousands 
of A high degree of accuracy of **40A is known. In the conventional SAW device, pass band width was 
about 2.4MHz, and although the manufacture yield was bad, there was little need for frequency 
regulation. However, with the above-mentioned crystal STW filter which this invention persons are 
developing, since ********** i s realized extremely, the process for adjusting frequency must be included 
in a manufacturing process. 

[0014] Step S In 6 6, when inspection of center frequency ft) is conducted and it is judged that center 
frequency fO needs to be adjusted, adjustment of center frequency fO is performed in step S6-7. And bump 
formation is performed in step S68. 

[0015] Next, assembly of a SAW chip is performed in the assembly process 22. Dicing is performed in step 
S6 9. Moreover, chip washing is performed in step S610. Moreover, processing of FDB(s), such as package 
stuffing, is performed in step S612. Finally sealing processing is performed in step S613. 
[0016] Inspection of a final product is conducted in step S6-14, and what passed inspection is shipped. 
[0017] Like, drawing 6 is the flow chart which was described above and which showed the manufacturing 
process of a crystal STW filter, and RF prober measurement process and fO adjustment process are added 
to the manufacturing process of the conventional SAW. fO adjustment mentioned above is performed by 
the RIE system (dry etching) or the developer (wet etching). Since a process increases, a manufacturing 
cost increases. 

[0018] Frequency regulation is performed for every wafer, every chip - **** — now, things are difficult 
Adjustment of frequency is performed by deleting the electrode or the piezo electric substrate front face of 
all chips in 1 wafer very small. Reactive-ion-etching (RIE) equipment is the most accurate, and an 
adjusting device has little manufacture variation. This equipment performs frequency regulation by the 
method of deleting an electrode material (aluminum Cu) using chlorine based gas. In the wafer process 
20, the equipment which develops a resist is diverted and there is also a method of performing wet 
etching and deleting an electrode front face. Although this method of manufacture precision variation etc. 
is large, since it is simple, frequency regulation is performed in many cases in the actual site using this 
equipment. 

[0019] The above-mentioned RIE system is suitable for accurate frequency regulation. The trouble of this 
equipment is how far to be able to drop an etching rate. On the other hand, although wet etching is 
inferior about the homogeneity of adjustment, or repeatability, for the reason mentioned above, several 
10A - about 100A of electrodes is deleted using a wet etch station in practice, and about a maximum of 
2MHz frequency regulation is performed. 

[0020] Now, center frequency of the SAW device which was described above and which was formed on the 
piezo electric substrate like 

[0021] For example, the method using the etching reagent which diluted fluoric acid, the nitric acid, etc. is 
common to the wet etching of aluminum (aluminum). An organic alkali system developer can also be used 
for carrying out minute amount etching. Electrode thickness is made thin by ********** ul g an electrode 
material, and the center frequency of an element is raised. 

[0022] Moreover, as dry etching, reactive ion -etching (RIE) technology is used widely. An electrode 
material and a chlorine gas system are made to react within RF electric field. Center frequency can be 
raised by **********i n g an electrode material. 
[0023] 

[Problem(s) to be Solved by the Invention] Now, when a surface acoustic wave device is RF ized more than 



a 800MHz band, IDT electrode width of face becomes as narrow [ 1 micrometer and electrode thickness ] 
as lOOnm or less, and thickness-control technology about 10A or less is needed further. In this case, the 
process tolerance of an electrode influences the center frequency of a device. Furthermore, it is necessary 
to also pay attention to the oxidization phenomenon on the front face of an electrode. The reason is that 
the thickness of an oxide film influences the center frequency of a device. Furthermore, technology of 
adjusting frequency to accuracy more is also desired. 

[0024] Moreover, since an oxidization phenomenon advances gradually, where the above-mentioned oxide 
film is stabilized, you have to perform center frequency measurement on a wafer. If it measures while it 
has been unstable, it will also be assumed that center frequency changes with next oxidization 
phenomena in the time of measurement and product shipment in an erector. 

[0025] it mentioned above the manufacture method of the conventional technology and the adjustment 
method of frequency are the single processes of sentiment (dry) etching work > center frequency 
measurement, and are not repeatedly performed on the character of work The accuracy of control of the 
amount of etching is needed. 

[0026] Especially wet etching has a bad controllability in order to make an etching reagent corrode a 
substrate. If it returns, frequency change is large and the work which doubles center frequency with 
desired frequency is difficult. Moreover, since it is not taken into consideration at all about formation of 
an oxide film, the secular change of center frequency may arise. Specifically, the following can be said. 
[0027] The electrode finger of an SAW filter is formed by the method of carrying out vacuum deposition of 
aluminum Cu. aluminum reacts chemically with the oxygen in air, and serves as an oxidization 
compound. The thickness of an oxidization compound increases gradually with time, and if it reaches a 
certain thickness determined with the ambient temperature of a device, it will not advance any more. 
This thickness is considered to be several angstroms - 100A. 

[0028] As mentioned above, this oxidation reaction advances gradually after manufacture of an SAW filter, 
and the oxidization thickness on the front face of an electrode changes. If oxide thickness changes, center 
of filter frequency will also shift, in the Prior art, although there were few products with the need of 
taking into consideration the influence of the property on this oxide film, it is alike, and it follows and the 
adjustment technique which is the center frequency in consideration of the influence on this property 
whose narrowbandization of an SAW filter advances is desired 

[0029] this invention is made in view of the above-mentioned technical problem, and is the purpose's 
being able to adjust the center frequency of an SAW filter easily, and offering the adjustment method of 
center frequency with few secular change of center frequency. 
[0030] 

[Means for Solving the Problem] this invention is performing fO adjustment by **********i n g an 
aluminum-Cu electrode using chlorine based gas using an RIE system, in order to solve the 
above-mentioned technical problem. And this invention proposes the new frequency regulation method in 
consideration of the influence of an oxide film. 

[0031] As mentioned above, change of the center frequency to thickness has the sensitivity of 0.2MHz / 
about 10A. Even if the thickness of a number + angstrom grade and an oxide film changes, center 
frequency will shift delicately under the influence. Moreover, if control and management of oxidization 
thickness are not carried out but natural formation of the oxide film is carried out, center frequency will 
carry out secular change and will have big influence on the reliability of a device. Moreover, if an 
oxide film layer and an aluminum layer are etched ranging over the time of electrode etching, since the 
properties of material differ, an etching rate changes, and exact etching is difficult. 

[0032] In order to prevent secular change, the easiest solution forms the oxide film of an electrode 
intentionally. The method of raising substrate temperature in ozone gas for forming an oxide film is 
desirable. Since Above RIE is gas and a method made to react within a chamber, formation of an oxide 
film is easily possible for it by replacing gas with ozone. And it can work within this batch and is desirable 
on a manufacturing process. 

[0033] About the electrode finger of the SAW filter arranged inside a RIE etching manufacture chamber, 
drawing which carried out the enlarged display of the cross section is shown in drawing 1 . 
[0034] Explanatory drawing about formation of an oxide film is shown in drawing 1 (l). Ozone gas is first 
introduced in an RIE system chamber. By controlling the interior temperature of a chamber (150 degrees 
C - about 200 degrees C), the oxide film d more than the natural oxidation thickness decided by 
operating-environment temperature of a device is formed beforehand. RF measurement performs center 
frequency measurement after formation, and the amount of etching (cutting thickness) from which the 
target frequency is obtained is determined. 

[0035] Next, in drawing 1 (2), exchange is performed for the gas in a chamber with chlorine-based gas, the 
gas concentration of an RIE system, RF power, etching time, etc. are controlled, and it etches to the target 



thickness. Etching thickness is ****ed within the oxide thickness created by formation of the oxide film 
explained by drawing 1 (l). When needing to be cut beyond it, it carries out by repeating the process to 
drawing 1 (l) and drawing 1 (3) described below from drawing 1 (2). 

[0036] Next, in drawing 1 (3), ozone gas is again introduced in a chamber and oxide -film formation is 
performed. Formation of this oxide film is performed in order to compensate the electrode layer thick 
oxidization thickness to have cut by RIE. The oxide film obtained by formation of this oxide film is taken 
as the same thickness as the oxidization thickness formed in the processing explained by drawing 1 (l) 
mentioned above. Consequently, even if it takes out and leaves a device out of a chamber, change of the 
center frequency of the device after electrode etching can be prevented, and the adjusted center frequency 
is maintained. 

[0037] Electrode etching and center frequency adjustment which minded electrode oxide-film influence by 
the above method can be performed. 

[0038] Moreover, when it is not able to adjust to the target center frequency, it adjusts still more correctly 
and it ********** s to an oxide-film thick not less, it is desirable to repeat again operation of 
aforementioned drawing 1 (l) or drawing 1 (3), and to perform it. 

[0039] Moreover, center frequency can be lowered, if it not only raises center frequency, but it changes 
reactant gas to a fluorine system and a crystal substrate front face is ********** e d. When **********i n g a 
crystal substrate front face by fluorine system gas, since electrode oxidization thickness does not change, 
it does not need to form an oxide film again. That is, down stream processing explained by drawing 1 (l) 
and drawing 1 (3) changes reactant gas into fluorine system gas from chlorine based gas by down stream 
processing explained by drawing 1 (2), without performing, and only the thickness from which the target 
frequency is obtained cuts a crystal substrate front face. 

[0040] By any method described above, frequency regulation can be performed about the SAW device in a 
substrate at the process of one batch, without opening and closing a chamber. 
[0041] Specifically, this invention has adopted the following meanses. 

[0042] In the method of adjusting the center frequency of the aforementioned elastic surface device in 
case the 1st this invention manufactures the surface acoustic wave device formed on the piezo electric 
substrate The arrangement step which arranges the aforementioned piezo electric substrate in the 
chamber which has a measurable terminal for the input-output behavioral characteristics containing the 
frequency characteristic of the surface acoustic wave device concerned, The etching step which deletes the 
front face of the intersection finger-like electrode which constitutes the aforementioned surface acoustic 
wave device using methods, such as dry etching Until it measures the oxide formation step which forms 
an oxide in the front face of the aforementioned intersection finger-like electrode, and the input-output 
behavioral characteristics which contain the frequency characteristic of the aforementioned elastic 
surface device through the aforementioned terminal and a desired property is acquired It is the center 
frequency adjustment method of the surface acoustic wave device characterized by including the repeat 
step which repeats and performs the aforementioned etching step and the aforementioned oxide 
formation step. 

[0043] Moreover, the 2nd this invention is the manufacture method of a surface acoustic wave device of 
having used the method of the 1st this invention. 

[0044] Moreover, the 3rd this invention is the surface acoustic wave device manufactured using the 
method of the 1st this invention. 

[0045] Moreover, the 4th this invention is a communication device using the surface acoustic wave device 

manufactured using the method of the 1st this invention. 

[0046] 

[Embodiments of the Invention] Hereafter, the form of suitable operation of this invention is explained 
based on a drawing. 

[0047] Explanatory drawing showing the situation of center frequency adjustment of a SAW device is 
shown in form 1 drawing 2 of operation. 

[0048] A chamber 52 is equipped with the piezo electric substrate 50 in which the electrode pattern of a 
SAW device shown in drawing 4 mentioned later was formed as shown in this drawing. And gas is 
introduced in a chamber 52 and plasma is generated. In the chamber 52, the susceptor 62 of the 
piezo electric substrate 50 is formed. This susceptor 62 is formed using the quartz board. Moreover, the 
metallic plus electrode 51 is attached under the susceptor 62, and the output of RF power supply is 
connected to this plus electrode 51 through a capacitor. On the other hand, it is attached above the 
piezo electric substrate 50 so that the grounded grand electrode 53 may be parallel to the 
above-mentioned plus electrode 51. In this way, by impressing high-frequency voltage to the plus 
electrode 51 and the grand electrode 53 by RF power supply, the ion generated in plasma can be 
accelerated by electric field, and anisotropic etching can be carried out now to the piezo electric substrate 



50. 

[0049] The structure which the coaxial track for measuring the electrical property of a SAW device 
penetrates is prepared in the lower part of a chamber 52. The pad pattern 60 for the terminal of a coaxial 
track point contacting, as shown in drawing 4 is beforehand formed in the SAW device. Adjustable [ of the 
position of the sense terminal 70 of the point fixed to the susceptor 62 of the piezo electric substrate 50 ] is 
carried out, and the contact to a nose of cam adjusts it. The justification tongue 64 of the sense terminal 
70 for that is formed in the susceptor 62. Positioning of the sense terminal 70 of a point is beforehand 
performed, where a chamber 52 is opened. That is, the sense terminal 70 of a point contacts the pad 
pattern 60 (refer to drawing 4 ) for SAW electrode measurement, and it can be made to carry out electrical 
property measurement of it. 

[0050] After equipping a susceptor 62 with the piezo -electric substrate 50, the covering device 66 of the 
case of a chamber 52 is shut, and the exhaust air in a chamber 52 is performed. If the inside of a chamber 
52 reaches a certain amount of degree of vacuum, the gas for oxidizing an electrode front face first will be 
introduced. Gas chooses what is oxidized to the aluminum which is electrode materials, such as ozone. If 
such gas is introduced in a chamber 52, the thermoregulator (not shown) with which the susceptor 62 was 
equipped will be driven, and the piezo electric substrate 50 is heated. By heating the piezo electric 
substrate 50, the oxidation reaction on the front face of an electrode can be promoted, and the oxide film 
of the target thickness can be formed in a short time. What is necessary is to lay a pipe under a susceptor 
62 or the plus electrode 51, for example, and just to circulate a heat-exchange medium to this pipe, 
although a thermoregulator can be constituted using the conventional technology. 

[0051] The thickness of the oxide film to form is an oxide-film thick not less decided by 
operating-environment temperature of the SAW device, and let it be the oxidization thickness to which 
oxidization does not advance any more at the operating-environment temperature. If oxide -film formation 
is completed, center frequency measurement will be performed. The center frequency measured at this 
time is called fO reference value of the device. Thus, after forming an oxide film, the measured value of 
fstable 0 (center frequency) can be obtained by measuring center frequency. 

[0052] Thus, after criteria fO measurement is completed, the inside of a chamber 52 is exhausted and 
chlorine-based gas is shortly introduced in a chamber 52. RF power is impressed after introduction of gas 
and dry etching processing is performed. The optimal conditions about RF power and gas concentration in 
the case of dry etching processing are inspected beforehand, and are searched for. Dry etching processing 
is performed under the optimal conditions. Control of the amount of etching is performed in RF power 
impression time etc. Center frequency becomes high by etching. Etching time is shorter set up so that the 
target center frequency may not be exceeded. 

[0053] It will exhaust, if dry etching processing is completed, and oxide-film formation is performed again. 
If the target oxidization thickness is obtained, center frequency measurement will be performed again. 
When the target frequency is not reached, it exhausts further, and the process of the above-mentioned dry 
etching and oxide-film formation is repeated. It will exhaust, if the target center frequency is obtained, 
and a substrate is taken out. 

[0054] Thus, frequency measurement is performed, always forming a fixed oxide film using the chamber 
52 of the structure shown in drawing 2 . 

[0055] As mentioned above, the form of this operation repeats and processes fO adjustment, frequency 
stabilization (oxide-film formation), and frequency measurement within 1 patch. Therefore, it becomes 
possible to do lasting frequency measurement work, moreover, since repeat processing can be performed, 
if dry etching processing is performed roughly in the beginning (namely, the amount of etching -■ large -■ 
setting up) and center frequency approaches the purpose frequency, processing conditions will be changed 
and what is tuned finely (that is, the amount of etching is made into a small value) will be made 
Therefore, it is possible to perform processing correctly [ are a short time and ]. 

[0056] According to the form of this operation, since the center frequency of a SAW device is measured 
directly, even if the situation in gas or a chamber 52 changes, mistaken etching processing is carried out 
and there is no possibility of adjusting to the purpose frequency and greatly different frequency. 
[0057] Moreover, according to the form of this operation, since the oxide film is formed, the frequency 
change by subsequent time progress can be prevented. It becomes unnecessary therefore, to take into 
consideration the frequency drift by secular change. 

[0058] Explanatory drawing showing the situation of adjustment of the center frequency in the form of 
other operations is shown in form 2 drawi ng 3 of operation. 

[0059] A SAW device is not in a wafer state, the dicing of it is carried out and flip chip mounting is carried 
out as shown in drawing 3 . That is, it is supported with the form as shown in drawing 6 mentioned above. 
[0060] In flip chip mounting, the golden bump's 14 space for height is surely vacant between the SAW 
chip 10 and the package 12. In the case of the flip chip type surface acoustic wave device using the golden 



bump 14, about 30-micrometer space is vacant. Moreover, about 50-micrometer space is vacant also 
between the side edge of the SAW chip 10, and the package 12. As mentioned above, excitation active 
species arrives at a chip electrode front face through the space of a package 12 and the SAW chip 10. 
Consequently, the matter on the elastic-wave propagation field of the front face of the SAW chip 10 
********** g ^ sense terminal 70 contacts the pattern of a package 12 from the reverse side of a susceptor 
62, and an electrical measurement is possible for it. That is, two stomata for RF coaxial track insertion 
are prepared in the susceptor 62, and a sense terminal 70 contacts the pattern of a package 12 through 
this stoma, respectively. And good contact is attained by tuning the position of a sense terminal 70 finely. 
[0061] Thus, in the package 12 in which the chip was mounted in the chamber 52, even if it performs 
wearing, exhaust air, dry etching, exhaust air, electrode oxidization, and electrical property measurement, 
the same effect as the form 1 of the above-mentioned implementation is acquired. 
[0062] 

[Effect of the Invention] It. is not necessary to regard the influence of the natural oxidation film which 
runs with time like according to this invention described above, and exact center frequency adjustment of 
a SAW device is possible. Since an oxide film is beforehand formed in an adjustment stage in this 
invention, the manufacture method that the device by which the performance was stabilized in the long 
run can be obtained can be offered. 

[0063] Furthermore, according to this invention, since single equipment performs simultaneously RF 
measurement, fO adjustment (electrode etching), and fO stabilization (oxide-film formation), it is possible 
to realize the number of processes and cost reduction. 
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[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a SAW (surface acoustic wave) 
device. It is related with the method of adjusting the center frequency of the SAW device into a 
manufacturing pr oce ss e specially. 
[0002] 

[Description of the Prior Art] The SAW device is widely used as a frequency filter. 
Invention-in-thisapplication persons are developing the filter using the crystal base which 
narrowbandized the resonance frequency more. 

[0003] This RF narrow band filter currently developed is a high-Q-resonator filter using STW on a crystal 
substrate (Surface Transverse Wave), and the acoustic velocity of the surface acoustic wave is about 5100 
m/s, and is suitable for high speed and RF ization compared with the conventional device. The load Q 
value of this device currently developed is about about 1500. Moreover, since the crystal substrate is used 
for this STW device; it presents the frequency temperature characteristic of about 1-4 ppm/degree C to 
the frequency temperature dependence property of -18 ppm/degree C of the conventional SAW device. 
Consequently, as for the developed STW device, a frequency drift serves as an about 100 ppm (0.08MHz) 
grade to a 100- degree C temperature requirement. 

[0004] Since it has high Q value, this developed STW device is set to about 0.5MHz to the pass band width 
having been about 2.4MHz conventionally for example, with a 800MHz band filter. That is, 
super-narrow-band ization is attained to the conventional SAW device. In addition, the fractional band 
width of the developed STW device is 0.07%. Moreover, similarly the out of band magnitude of 
attenuation is set to 35dB by **2MHz of center frequency to the conventional device having been 20dB in 
**2MHz of center frequency, and the extensive improvement is realized. Moreover, the application to VCO 
etc. is also possible for this developed STW device as a high Q resonator. 

[0005] Since the acoustic velocity of a surface acoustic wave is quick, in the developed STW device, a 
1GHz signal is treated and it is about 1.3 micrometers in electrode line breadth. Therefore, under the 
present electrode processing technology, manufacture of the filter which can treat even about 12GHz as 
signal frequency is possible. 

[0006] However, in this STW device that invention in- this- application persons have developed, 
completion size variations, such as electrode finger line breadth and electrode thickness, became a 
problem for high Q value and narrow pass band width. Change of the center of filter frequency especially 
by electrode layer thick variation brought a result to which the manufacture yield is reduced greatly. 
[0007] The sensitivity of the center frequency by the electrode thickness of this STW device is 0.2MHz / 
about 10A. Moreover, aluminum (aluminum) vacuum evaporationo equipment manufacture precision is 
30A - about 60A. Consequently, about a maximum of 1.2MHz of center frequency may be changed. At the 
conventional SAW filter, although some change of such center frequency is grades which influence the 
yield, with the crystal STW filter developed newly, a passband also has a possibility of completely 
becoming a different thing, as a result of change of center frequency. Therefore, the situation where one 
piece does not exist [ the filter with which the target frequency characteristic is obtained ] in 1 wafer (or 
inside of 1 batch), either is also fully assumed. 

[0008] Therefore, invention in this application persons needed to investigate change of the center 
frequency by the marginal process tolerance of the vacuum evaporationo equipment which was not made 
an issue of until now, and the film production variation state (electrode thickness, electrode finger line 
breadth) about the newly developed STW device, and needed to establish the technology of adjusting the 
center frequency. 

[0009] Explanatory drawing showing the SAW filter manufacture method of the conventional FDB 
method is shown in FDB manufacture method drawing 5 . A FDB method is the manufacture method of 
connecting with a SAW chip I/O pad the pattern formed in the interior of the package 12 which contains 



the SAW chip 10 through the facing-each-other golden bump 14, and performing electric connection and 
mechanical maintenance simultaneously. 

[0010] This manufacture method has a stable package internal state in order not to use adhesives etc., 
and it is suitable for manufacture of the various narrow band SAW filters containing the 
above-mentioned crystal STW filter. Moreover, since a SAW device can be miniaturized, it is mostly used 
for a mass-production form. 

[0011] The present manufacture method and the manufacturing process of the adjustment method SAW 
filter of center frequency can roughly be divided into the wafer process of the first half, and the assembly 
process of the second half. The flow chart showing this manufacturing process is shown in drawing 6 . 
[0012] In the wafer process 20, an electrode pattern, pad pattern formation, other substrate surface 
treatment, etc. are performed on a piezoelectric substrate. A resist application is performed in step S6-1, 
and exposure and development are performed in step S6 2 and step S63. Moreover, aluminum vacuum 
evaporationo is performed in step S6-4. Furthermore, lift off work is done in step S6-5. These processings 
of each are performed for every pattern. 

[0013] Since the vacuum evaporationo thickness of an electrode pattern influences the frequency 
characteristic of a filter directly, control of thickness is important. The technology formed with thousands 
of A high degree of accuracy of **40A is known. In the conventional SAW device, pass band width was 
about 2.4MHz, and although the manufacture yield was bad, there was little need for frequency 
regulation. However, with the above-mentioned crystal STW filter which this invention persons are 
developing, since ********** i s realized extremely, the process for adjusting frequency must be included 
in a manufacturing process. 

[0014] Step S In 6-6, when inspection of center frequency fO is conducted and it is judged that center 
frequency fO needs to be adjusted, adjustment of center frequency fO is performed in step S6 7. And bump 
formation is performed in step S68. 

[0015] Next, assembly of a SAW chip is performed in the assembly process 22. Dicing is performed in step 
S6-9. Moreover, chip washing is performed in step S6-10. Moreover, processing of FDB(s), such as package 
stuffing, is performed in step S612. Finally sealing processing is performed in step S613. 
[0016] Inspection of a final product is conducted in step S614, and what passed inspection is shipped. 
[0017] Like, drawing 6 is the flow chart which was described above and which showed the manufacturing 
process of a crystal STW filter, and RF prober measurement process and fO adjustment process are added 
to the manufacturing process of the conventional SAW. fO adjustment mentioned above is performed by 
the RIE system (dry etching) or the developer (wet etching). Since a process increases, a manufacturing 
cost increases. 

[0018] Frequency regulation is performed for every wafer, every chip - **** - now, things are difficult 
Adjustment of frequency is performed by deleting the electrode or the piezo electric substrate front face of 
all chips in 1 wafer very small. Reactive ion-etching (RIE) equipment is the most accurate, and an 
adjusting device has little manufacture variation. This equipment performs frequency regulation by the 
method of deleting an electrode material (aluminum Cu) using chlorine based gas. In the wafer process 
20, the equipment which develops a resist is diverted and there is also a method of performing wet 
etching and deleting an electrode front face. Although this method of manufacture precision variation etc. 
is large, since it is simple, frequency regulation is performed in many cases in the actual site using this 
equipment. 

[0019] The above-mentioned RIE system is suitable for accurate frequency regulation. The trouble of this 
equipment is how far to be able to drop an etching rate. On the other hand, although wet etching is 
inferior about the homogeneity of adjustment, or repeatability, for the reason mentioned above, several 
10A - about 100A of electrodes is deleted using a wet etch station in practice, and about a maximum of 
2MHz frequency regulation is performed. 

[0020] Now, center frequency of the SAW device which was described above and which was formed on the 
piezo electric substrate like 

[0021] For example, the method using the etching reagent which diluted fluoric acid, the nitric acid, etc. is 
common to the wet etching of aluminum (aluminum). An organic alkali system developer can also be used 
for carrying out minute amount etching. Electrode thickness is made thin by **********ing an electrode 
material, and the center frequency of an element is raised. 

[0022] Moreover, as dry etching, reactive ion etching (RIE) technology is used widely. An electrode 
material and a chlorine gas system are made to react within RF electric field. Center frequency can be 
raised by **********i n g an electrode material. 
[0023] 

[Problem(s) to be Solved by the Invention] Now, when a surface acoustic wave device is RF ized more than 
a 800MHz band, IDT electrode width of face becomes as narrow [ 1 micrometer and electrode thickness ] 



as lOOnm or less, and thickness-control technology about 10A or less is needed further. In this case, the 
process tolerance of an electrode influences the center frequency of a device. Furthermore, it is necessary 
to also pay attention to the oxidization phenomenon on the front face of an electrode. The reason is that 
the thickness of an oxide film influences the center frequency of a device. Furthermore, technology of 
adjusting frequency to accuracy more is also desired. 

[0024] Moreover, since an oxidization phenomenon advances gradually, where the above-mentioned oxide 
film is stabilized, you have to perform center frequency measurement on a wafer. If it measures while it 
has been unstable, it will also be assumed that center frequency changes with next oxidization 
phenomena in the time of measurement and product shipment in an erector. 

[0025] it mentioned above - the manufacture method of the conventional technology and the adjustment 
method of frequency are the single processes of sentiment (dry) etching work > center frequency 
measurement, and are not repeatedly performed on the character of work The correctness of control of the 
amount of etching is needed. 

[0026] Especially wet etching has a bad controllability in order to make an etching reagent corrode a 
substrate. If it returns, frequency change is large and the, work which doubles center frequency with 
desired frequency is difficult. Moreover, since it is not taken into consideration at all about formation of 
an oxide film, the secular change of center frequency may arise. Specifically, the following can be said. 
[0027] The electrode finger of an SAW filter is formed by the method of carrying out vacuum deposition of 
aluminum Cu. aluminum reacts chemically with the oxygen in air, and serves as an oxidization 
compound. The thickness of an oxidization compound increases gradually with time, and if it reaches a 
certain thickness determined with the ambient temperature of a device, it will not advance any more. 
This thickness is considered to be several angstroms - 100A. 

[0028] As mentioned above, this oxidation reaction advances gradually after manufacture of an SAW filter, 
and the oxidization thickness on the front face of an electrode changes. If oxide thickness changes, center 
of filter frequency will also shift, in the Prior art, although there were few products with the need of 
taking into consideration the influence of the property on this oxide film, it is alike, and it follows and the 
adjustment technique which is the center frequency in consideration of the influence on this property 
whose narrowbandization of an SAW filter advances is desired 

[0029] this invention is made in view of the above-mentioned technical problem, and is the purpose's 
being able to adjust the center frequency of an SAW filter easily, and offering the adjustment method of 
center frequency with few secular change of center frequency. 
[0030] 

[Means for Solving the Problem] this invention is performing fO adjustment by **********i n g an 
aluminum-Cu electrode using chlorine based gas using an RIE system, in order to solve the 
above-mentioned technical problem. And this invention proposes the new frequency regulation method in 
consideration of the influence of an oxide film. 

[0031] As mentioned above, change of the center frequency to thickness has the sensitivity of 0.2MHz / 
about 10A. Even if the thickness of a number + angstrom grade and an oxide film changes, center 
frequency will shift delicately under the influence. Moreover, if control and management of oxidization 
thickness are not carried out but natural formation of the oxide film is carried out, center frequency will 
carry out secular change and will have big influence on the reliability of a device. Moreover, if an 
oxide film layer and an aluminum layer are etched ranging over the time of electrode etching, since the 
properties of material differ, an etching rate changes, and exact etching is difficult. 

[0032] In order to prevent secular change, the easiest solution forms the oxide film of an electrode 
intentionally. The method of raising substrate temperature in ozone gas for forming an oxide film is 
desirable. Since Above RIE is gas and a method made to react within a chamber, formation of an oxide 
film is easily possible for it by replacing gas with ozone. And it can work within this batch and is desirable 
on a manufacturing process. 

[0033] About the electrode finger of the SAW filter arranged inside a RIE etching manufacture chamber, 
drawing which carried out the enlarged display of the cross section is shown in drawing 1 . 
[0034] Explanatory drawing about formation of an oxide film is shown in drawing 1 (l). Ozone gas is first 
introduced in an RIE system chamber. By controlling the interior temperature of a chamber (150 degrees 
C - about 200 degrees C), the oxide film d more than the natural oxidation thickness decided by 
operating-environment temperature of a device is formed beforehand. RF measurement performs center 
frequency measurement after formation, and the amount of etching (cutting thickness) from which the 
target frequency is obtained is determined. 

[0035] Next, in drawing 1 (2), exchange is performed for the gas in a chamber with chlorine-based gas, the 
gas concentration of an RIE system, RF power, etching time, etc. are controlled, and it etches to the target 
thickness. Etching thickness is ****ed within the oxide thickness created by formation of the oxide film 



explained by drawing 1 (l). When needing to be cut beyond it, it carries out by repeating the process to 
drawing 1 (l) and drawing 1 (3) described below from drawing 1 (2). 

[0036] Next, in drawing 1 (3), ozone gas is again introduced in a chamber and oxide film formation is 
performed. Formation of this oxide film is performed in order to compensate the electrode layer thick 
oxidization thickness to have cut by RIE. The oxide film obtained by formation of this oxide film is taken 
as the same thickness as the oxidization thickness formed in the processing explained by drawing 1 (l) 
mentioned above. Consequently, even if it takes out and leaves a device out of a chamber, change of the 
center frequency of the device after electrode etching can be prevented, and the adjusted center frequency 
is maintained. 

[0037] Electrode etching and center .frequency adjustment which minded electrode oxide-film influence by 
the above method can be performed. 

[0038] Moreover, when it is not able to adjust to the target center frequency, it adjusts still more correctly 
and it ********** s to an oxide-film thick not less, it is desirable to repeat again operation of 
aforementioned drawing 1 (l) or drawing 1 (3), and to perform it. 

[0039] Moreover, center frequency can be lowered, if it not only raises center frequency, but it changes 
reactant gas to a fluorine system and a crystal substrate front face is ********** e( j When **********i n g a 
crystal substrate front face by fluorine system gas, since electrode oxidization thickness does not change, 
it does not need to form an oxide film again. That is, down stream processing explained by drawing 1 (l) 
and drawing 1 (3) changes reactant gas into fluorine system gas from chlorine based gas by down stream 
processing explained by drawing 1 (2), without performing, and only the thickness from which the target 
frequency is obtained cuts a crystal substrate front face. 

[0040] By any method described above, frequency regulation can be performed about the SAW device in a 
substrate at the process of one batch, without opening and closing a chamber. 
[0041] Specifically, this invention has adopted the following meanses. 

[0042] In the method of adjusting the center frequency of the aforementioned elastic surface device in 
case the 1st this invention manufactures the surface acoustic wave device formed on the piezo-electric 
substrate The arrangement step which arranges the aforementioned piezo electric substrate in the 
chamber which has a measurable terminal for the input-output behavioral characteristics containing the 
frequency characteristic of the surface acoustic wave device concerned, The etching step which deletes the 
front face of the intersection finger-like electrode which constitutes the aforementioned surface acoustic 
wave device using methods, such as dry etching Until it measures the oxide formation step which forms 
an oxide in the front face of the aforementioned intersection finger-like electrode, and the input-output 
behavioral characteristics which contain the frequency characteristic of the aforementioned elastic 
surface device through the aforementioned terminal and a desired property is acquired It is the center 
frequency adjustment method of the surface acoustic wave device characterized by including the repeat 
step which repeats and performs the aforementioned etching step and the aforementioned oxide 
formation step. 

[0043] Moreover, the 2nd this invention is the manufacture method of a surface acoustic wave device of 
having used the method of the 1st this invention. 

[0044] Moreover, the 3rd this invention is the surface acoustic wave device manufactured using the 
method of the 1st this invention. 

[0045] Moreover, the 4th this invention is a communication device using the surface acoustic wave device 

manufactured using the method of the 1st this invention. 

[0046] 

[Embodiments of the Invention] Hereafter, the form of suitable operation of this invention is explained 
based on a drawing. 

[0047] Explanatory drawing showing the situation of center, frequency adjustment of a SAW device is 
shown in form 1 drawing 2 of operation. 

[0048] A chamber 52 is equipped with the piezo electric substrate 50 in which the electrode pattern of a 
SAW device shown in drawing 4 mentioned later was formed as shown in this drawing. And gas is 
introduced in a chamber 52 and plasma is generated. In the chamber 52, the susceptor 62 of the 
piezo electric substrate 50 is formed. This susceptor 62 is formed using the quartz board. Moreover, the 
metallic plus electrode 51 is attached under the susceptor 62, and the output of RF. power supply is 
connected to this plus electrode 51 through a capacitor. On the other hand, it is attached above the 
piezo electric substrate 50 so that the grounded grand electrode 53 may be parallel to the 
above-mentioned plus electrode 51. In this way, by impressing high-frequency voltage to the plus 
electrode 51 and the grand electrode 53 by RF power supply, the ion generated in plasma can be 
accelerated by electric field, and anisotropic etching can be carried out now to the piezo electric substrate 
50. 



[0049] The structure which the coaxial track for measuring the electrical property of a SAW device 
penetrates is prepared in the lower part of a chamber 52. The pad pattern 60 for the terminal of a coaxial 
track point contacting, as shown in drawing 4 is beforehand formed in the SAW device. Adjustable [ of the 
position of the sense terminal 70 of the point fixed to the susceptor 62 of the piezo -electric substrate 50 ] is 
carried out, and the contact to a nose of cam adjusts it. The justification tongue 64 of the sense terminal 
70 for that is formed in the susceptor 62. Positioning of the sense terminal 70 of a point is beforehand 
performed, where a chamber 52 is opened. That is, the sense terminal 70 of a point contacts the pad 
pattern 60 (refer to drawing 4 ) for SAW electrode measurement, and it can be made to carry out electrical 
property measurement of it. 

[0050] After equipping a susceptor 62 with the piezo-electric substrate 50, the covering device 66 of the 
case of a chamber 52 is shut, and the exhaust air in a chamber 52 is performed. If the inside of a chamber 
52 reaches a certain amount of degree of vacuum, the gas for oxidizing an electrode front face first will be 
introduced. Gas chooses what is oxidized to the aluminum which is electrode materials, such as ozone. If 
such gas is introduced in a chamber 52, the thermoregulator (not shown) with which the susceptor 62 was 
equipped will be driven, and the piezo electric substrate 50 is heated. By heating the piezo electric 
substrate 50, the oxidation reaction on the front face of an electrode can be promoted, and the oxide film 
of the target thickness can be formed in a short time. What is necessary is to lay a pipe under a susceptor 
62 or the plus electrode 51, for example, and just to circulate a heat-exchange medium to this pipe, 
although a thermoregulator can be constituted using the conventional technology. 

[0051] The thickness of the oxide film to form is an oxide-film thick not less decided by 
operating-environment temperature of the SAW device, and let it be the oxidization thickness to which 
oxidization does not advance any more at the operating-environment temperature. If oxide film formation 
is completed, center frequency measurement will be performed. The center frequency measured at this 
time is called fO reference value of the device. Thus, after forming an oxide film, the measured value of 
fstable 0 (center frequency) can be obtained by measuring center frequency. 

[0052] Thus, after criteria fO measurement is completed, the inside of a chamber 52 is exhausted and 
chlorine-based gas is shortly introduced in a chamber 52. RF power is impressed after introduction of gas 
and dry etching processing is performed. The optimal conditions about RF power and gas concentration in 
the case of dry etching processing are inspected beforehand, and are searched for. Dry etching processing 
is performed under the optimal conditions. Control of the amount of etching is performed in RF power 
impression time etc. Center frequency becomes high by etching. Etching time is shorter set up so that the 
target center frequency may not be exceeded. 

[0053] It will exhaust, if dry etching processing is completed, and oxide-film formation is performed again. 
If the target oxidization thickness is obtained, center frequency measurement will be performed again. 
When the target frequency is not reached, it exhausts further, and the process of the above -mentioned dry 
etching and oxide film formation is repeated. It will exhaust, if the target center frequency is obtained, 
and a substrate is taken out. 

[0054] Thus, frequency measurement is performed, always forming a fixed oxide film using the chamber 
52 of the structure shown in drawing 2 . 

[0055] As mentioned above, the form of this operation repeats and processes fO adjustment, frequency 
stabilization (oxide film formation), and frequency measurement within 1 patch. Therefore, it becomes 
possible to do lasting frequency measurement work, moreover, since repeat processing can be performed, 
if dry etching processing is performed roughly in the beginning (namely, the amount of etching - large - 
setting up) and center frequency approaches the purpose frequency, processing conditions will be changed 
and what is tuned finely (that is, the amount of etching is made into a small value) will be made 
Therefore, it is possible to perform processing correctly [ are a short time and I 

[0056] According to the form of this operation, since the center frequency of a SAW device is measured 
directly, even if the situation in gas or a chamber 52 changes, mistaken etching processing is carried out 
and there is no possibility of adjusting to the purpose frequency and greatly different frequency. 
[0057] Moreover, according to the form of this operation, since the oxide film is formed, the frequency 
change by subsequent time progress can be prevented. It becomes unnecessary therefore, to take into 
consideration the frequency drift by secular change. 

[0058] Explanatory drawing showing the situation of adjustment of the center frequency in the form of 
other operations is shown in form 2 drawing 3 of operation. 

[0059] A SAW device is not in a wafer state, the dicing of it is carried out and flip chip mounting is carried 
out as shown in drawing 3 . That is, it is supported with the form as shown in drawing 6 mentioned above. 
[0060] In flip chip mounting, the golden bump's 14 space for height is surely vacant between the SAW 
chip 10 and the package 12. In the case of the flip chip type surface acoustic wave device using the golden 
bump 14, about 30-micrometer space is vacant. Moreover, about 50-micrometer space is vacant also 



between the side edge of the SAW chip 10, and the package 12. As mentioned above, excitation active 
species arrives at a chip electrode front face through the space of a package 12 and the SAW chip 10. 
Consequently, the matter on the elastic-wave propagation field of the front face of the SAW chip 10 
********** s ^ sense terminal 70 contacts the pattern of a package 12 from the reverse side of a susceptor 
62, and an electrical measurement is possible for it. That is, two stomata for RF coaxial track insertion 
are prepared in the susceptor 62, and a sense terminal 70 contacts the pattern of a package 12 through 
this stoma, respectively. And good contact is attained by tuning the position of a sense terminal 70 finely. 
[0061] Thus, in the package 12 in which the chip was mounted in the chamber 52, even if it performs 
wearing, exhaust air, dry etching, exhaust air, electrode oxidization, and electrical property measurement, 
the same effect as the form 1 of the above-mentioned implementation is acquired. 
[0062] 

[Effect of the Invention] It is not necessary to regard the influence of the natural oxidation film which 
runs with time like according to this invention described above, and exact center frequency adjustment of 
a SAW device is possible. Since an oxide film is beforehand formed in an adjustment stage in this 
invention, the manufacture method that the device by which the performance was stabilized in the long 
run can be obtained can be offered. 

[0063] Furthermore, according to this invention, since single equipment performs simultaneously RF 
measurement, fO adjustment (electrode etching), and fO stabilization (oxide-film formation), it is possible 
to realize the number of processes and cost reduction. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 

precisely. . 

2 **** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is explanatory drawing of adjustment operation of the center frequency of the SAW device 
in the gestalt 1 of this operation. 

[Drawing 21 It is explanatory drawing explaining operation which adjusts center frequency of the SAW 
device in the gestalt 1 of this operation. 

[Drawing 31 It is explanatory drawing explaining operation which adjusts center frequency of the SAW 
device in the gestalt 2 of this operation. 

[Drawing 4l It is explanatory drawing showing the chip pattern containing the pad pattern for 
measurement in the gestalt 1 of this operation. 

[Drawing 5l It is explanatory drawing showing the SAW filter manufacture method of the conventional 
FDB method. 

[Drawing 6l It is a flow chart showing the manufacturing process of the conventional SAW filter. 
[Description of Notations] 

10 A SAW chip, 12 A package, 14 A golden bump, 20 A wafer process, 22 An assembly process, 50 A 
piezo electric substrate, 51 A plus electrode, 52 A chamber, 53 A grand electrode, 60 The pad pattern for 
measurement, 62 A susceptor (quartz board), 64 A justification tongue, 66 A covering device, 70 Sense 
terminal. 
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[0 0 1 4] T.y- y-fS 6 - 6 iCfcl^Tti:, ^'C/JUftgC 

'L>Jfi&$: f 0 (nm&tfft *?tl5, ^LT> *xs/7°S6 
[0015] JJfetC, T s/ir^yy — • 7"nt7. 2 2 T'tt 

S/7°S 6- 1 OKliQ^TtTfriXSo Xj'-Jr-^gS 
ftf©FDB©iO.S^T3'7'S 6- 1 2}C*D^TtTt> 
^XS„ y^Mi^fy7"S6-l 3»C*3 

[0 0 16] y 7 S 6-14 

[0 0 17] EJiag-ifeJ: i6l±, * H B B STW7 

^/P^CtJigXg^*L.fc7n-^ + - hT*£>«9 . 

wsAwrotaitie^RFT'n-^aajexe&ot f osi 

SXHtfSttflp^ix-C^S. _h3$Lfc f OitliR I Eg! 

[o o i si m^iwmmti t^^-mcn?. i?-* 

^x^y • Y •3L yf-^y r (R I E) 



^Srffll/>Tm®*f^ (Al-Cu) 
fToT«««iS*ffJ**jSfe'b*>S. i 

[0019] ±ibr i Emmim&<o&\,^m&mmmz. 

OtV^ hn-i»~l 0 0ty^7- hn-Aggflg;|S 
4rB"J5, **2MHzSflE©ffl«»P»SrfToTt^. 
[0 0 2 0] £T, KUixB^fc.fcSK, ffi*S«±fcJ{? 
jfc£ftfcSAW7W*W + «WStt*»«8«£ LXI7 

[0 0 2 1 ] A 1 (T/U5 = ->A) (Dy-iL-y h ■ 

trnz^yj-^y-Fz^b-emMm^zMK U 
[0022] Sfe, K7-fx5-fy^tittt, yr^ 

so [0 0 2 3] 

^^./!»58 0 0MHz^K±(CigJ§lig'fk^tl-5i:, IDT 
1 // m, ^SJBUffi 1 0 0 n mWTi:5fe< 

5 twlfili, KfURoV 

40 [0 0 2 4] 4fc, K'fkm*tt»*t-itff1--5fc«), ^ 

[00 2 5] ±JE Lfc^5tEtJWWti3g^7fe. il&^crop 

S75&« % !>x^ (k^) ftm^*>>i?m 

&gcaijAE<o¥-X@T*;fc'? . f^H^tit&X^ «3 S Ut p 
so [0026] SOu/h-xj/fy/lix^fy^ 
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[00 2 7] SAW7^^CSg)||iAl-Cu« 
[0 0 2 8 ] ±KELfcJ; 5fC, SAW7-C )V#<r>tgM 

[0 0 2 9] #*ggHf±, ±aa«)HfcM*T*$ix/tfe© 
•Cfef? , ^:©@#J(i, SAW7 

[0 0 3 0] 

ft-rsfcfeki, fop«sr, r i EmmzmmLxt&m 

^#^£/Bi^TA 1 -Cuti^rij'f^tSwtlc 

[0031] ^Lfcj:?!^ mm\z.Mi-Z>$>>i>fflfem 
©^tbfiO. 2MHE/10ty^Fo-ASS«g 

\mmbT/\>%m*i%ix=-y'i-^'>r*'nob. vmn 

[0 0 3 2] fc^SfrfbSrB&Jht-SfcfckiH;. SSro^b 
[0 0 3 3] El 1 CltR I j/^V^M^Y W<- 
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[0 0 3 4] 1211 (l) lUZ, 8{tlg(0istl:o^T© 
»WH****ixTi^4o *-f3D*f£R I E»|f + y/< 
-rt^^-yv^^SrafA1-Sc f^/<-WiBl (1 
5 0°C~2 0 O'CSff) S:*lJffll'f--5wtt?, f^^© 

ff^m, RFSJ£i£j;(3*<L^i£§c$J££ 
io [0 0 3,5] Hll (2) te*5^-t\ ^-^^A-rt 

( i ) -crw u^WkKo»j«-effj« bfc^b^flgffw 

*ft»±©#8'JflS&Sfr*a-«:, Ell 
(1) ; XtfHl (2) d^ftte^SBIl (3) it 

[0 0 3 6] ftt, Ell (3) fctSt^-Ctt. 
^-rtte*^^Xf^Sr*ALIMbJl»g|«Srtf 5. rot 

ftjttt, ±aSLfciai (i) ■cKMLfc4aafc*st^-c?g 
[00 3 7] «±ro*jfeTMtS»^ktt»»*es Lfctt 

[0 0 3 8] X, iWwf^iiSEtlCfSiT'ti^of: 

«(c«5ir*-ci£. Miami (i) 75501 

(3) <OSff^Srff«iH9jIUtT^ iii«tf*U\ 
[0 0 3 9] xt»*.JBftic*±tf 5«rrefc< , 

^. oS9 ( Bi (1) AtfHl (3) -cRWUfctea 
iStt*frar1"K:ia 1 (2) tJllWLfcJsiii-eKe; 

So 

[0 0 4 0] WJt^fcl^-ftKD^jfe-Ct, ^-VW-?- 

[0041] Mr^mcta. *»MHt«To«t ^ Jte^«* 

[0042] mi mn,mm±izMf$.ztitz 
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[0 0 4 3] $2 0«5llt »1 

[0 0 4 4] £3 ©#369114, 

[0 0 4 5] SM©#38Wtt, #1©#3&SH<0# 

[0 0 4 6] 

[ISBUWUlteW^ffi] WT, #fPJ©#i§&l?i£©I?fi 
[0 0 4 7] 1 

[0 0 4 8] Z<DmiC7F£hX^Z>£. 51^ #i&-f5EI 
4 (^1"S AWf^-f *©«&✓•?* — V©7IM$;ft;fc£E 
*£#5 0«:^:"<-5 2fcg*1-5. ^IT, 

2rtf£(4/±«£&5 0©S^6 2/55^;^ 
7yKti5 3/!iS±fe^7*ttl5 1 t¥fft5 <fc 

n&^y^w&b iM^7VKii5 3icPniDi-^> 

i^lCfctK ^7X^X'£j£bfc^;tV£m#X'Mg 

[0 0 4 9] ^-y W<— 5 2 ©TSlHcte S AWf/<^ * 

Stf ibftX^So, S AW^M^tCli|gl4{C7F-r < t 

6 O^ft^tf^ixX^-So jte*8~0>«*tt:E«MK 5 
0©£«£6 2fc:@3££ixfc5te*»0>S!l£SS ; ?-7 0©e 
Btr^T'X LTlSS-r-5o -tWfcfcWSlJgSr?- 7 0 ©&S 
ltoJ^6 4#£#£6 2l£i?ttlb;h,T^5. JfeffiSB 

offlij^ffiT- 7 0(D&mmm-i7-* >s<- 5 2 s^tt/t^ 



(5) 

0/4SS AWm^SiJ^ffl^V 0 (El4#ra) 

KlSHtt L1S^#t4S'J£X# •2>.fc9^LX:fc<©Xfo5 <> 
[0 0 5 0]'jE*£«5 0*£#£6 2iZ.m»Ltzn. 
>/<-5 2©Mf£©^g|56 ?-*l//<— 5 

5 = *AfcttLTlMfcR£&1-5t>«*a&-r<5. d© 
J; 5 5 2rt»c»£ALfc.t>3:#&6 2 

«5 0S:*oi»-r5. EtSS5 0^Mt5:itJ:o 

t, wmmmnmtR^^m^, Ma#rflxgift©ji 

2^^ii7 p 7^mig5 lt^w yaffils; u ^aVt"!; 
[00 5 1] ffM-t-5®Mt;lg©J¥^i4, -t© S AWf^ 

*©f ommm.kvf&»- r©*?^ iMtRtwrtux 

[005 2] w©J;5t-UTS«Pf 0»J^i4S^TLfc 

ftV/<-5 2rt«r#«U ^fttttt**^^*?- 
+ l"<-5 2rtfc»A-*-5. #*©*IA&, RF«;Jj£ 

^tea©^©R F«^^^»sjcB8-rs*3S>tc*# 

30 (4, fcW>i:ft^Lt*i!)tii<, ^©*ii^#© 

[00 5 3] K7-f3is'^>'* r «a*S|*TUfce>#« 

40 f,iMLi«5ri0aitc 

[0 0 5 4] r©J:?tc|ll2tC7p1-fl|jg©f--v 5 ■ 

[oo 5 5] itewi^^. *mmmmte, 
rtt? f on, ^Si^^k (WbK^jA) . jugci&sy 



ft ffl 2000-1 56620 (P2000-1 56620A) 



9 

1-5) zttftzz. zvtctb, mm*. mmmx\ & 

[0 0 5 6] &mM<DTtmK£tll-£, SAWf/M 

[0 0 5 7] *fc, *HlSo^®tcJ:^{i, mtmnm 
^PAih-t-^r t^T?#5 3 LfciSot, 

[oo5 8] smmm 2 

[0 0 5 9] m3fc*£*u-C^5J: 5f£> SAWf/^ 

5'7°^$tbT^5„ 1-4^>*>±JELfcHI6(c^:1-J;9 

[0 0 6 0] 7y ^^^7°^^*5^TI±, £>fSA 
W^s/^l 0 i^V-ir— v?i 2 icong^^^^l 4» 

®&b'*y*r— *Jl 2b<Dffl{ci 3 £;£?:5 O^mO^ 
as^Ti^S, ±.&L,tci:o\c SbSffittStt^V ^~ 

v?l 2 i SAWfy/1 0 GD£l?g£iIoTf- ^7°*^ 
ffilCig-TSo S AWfy7"l 0O*StD#i4 

&{E«5ffl«± (D®m>^ y ^ > ^ £ £ o - mfe%&* 7 o 
' te3:f$-& 6 2 <DMfrt>'< V>T— i> 1 2 tfV^-^Wgfcfe 

^iffi^7 Ott^/ML^rilCT^j'^-v'l 2<ZVn'*-V 
f£**g&li1-5J:5k:/<£oT^<5, tLt, Sy^ffl^7 
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[0061] r©i5l; > ^>v^-5 2rt{-^5'7 P (7) 
[0 0 6 2] 

[0 0 6 3] *^B^(CJ;tvtf, RFSiJ^, f 0 

mm (.mMx-y^y) , f o^&t mitmm) * 
[i3Boffi¥&K9n 

[01] *mM<r>WMi fctertzs AW f <D<p 
[El 2] *3IJ6o^ffil tCjoCtSS AWx^Y^Ci^ 
[HI3] ^JS^^^&ttSSAWx^xW* 

[m 4 ] ^mm^wm 1 fc&tt?, ai&B/< y k/<* 

[05] ^(OFDB^^S AW7//U^<g45t*-)* 
5r^1-gftP^IHt?fo5c 

[16] ffi*©SAW7-f/^©»36xe«rSEf 7D 

30 10 SAWf 12 A^-Jr— v\ 14 

7°, 20 • yair^, 22 7yt^!l- 

•T'n-fe^, 5 0 J£*S*g, 5 1 5 2 

ff^-, 5 3 ^7^K«tt, 6 0 Steffl/^j/ 
hV^-V, 6 2 5Ef£ (*3&K) . 6 4 ffiSPS 

o*^, 6 6 ^gp, 7 0. 



[12] 



[03] 
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